Abstract-h this paper, we use a generalized Fourier series to approximate the solution of a boundary value problem describing the torsion of an elliptic micropolar beam. We provide an example demonstrating the effect of material microstructure.
INTRODUCTION
The theory of micropolar elasticity [l] was developed to account for discrepancies between the classical theory and experiments when the effects of material microstructure were known to significantly affect the body's overall deformation. The problem of torsion of micropolar elastic beams has been considered in [2, 3] . However, the results in [2] are confined to the simple case of a beam with circular cross-section while the analysis in [3] overlooks certain differentiability requirements required to establish the rigorous solution of the problem (see, for example, [4] ). In neither case is there any attempt to quantify the influence of material microstructure on the beam's deformation.
The treatment of the torsion problem in micropolar elasticity requires the rigorous analysis of a Neumann-type boundary value problem in which the governing equations are a set of three second-order coupled partial-differential equations for three unknown antiplane displacement and microrotation fields. This is in contrast to the relatively simple torsion problem arising in classical linear elasticity in which a single antiplane displacement is found from the solution of a Neumann problem for Laplace's equation [5] . This means that in the case of a micropolar beam with noncircular cross-section it is extremely difficult (if not impossible) to find a closed-form analytical solution to the torsion problem.
In 
TORSION OF MICROPOLAR BEAMS
Let V be a domain in lR3 occupied by a homogeneous and isotropic linearly elastic micropolar material with elastic constants X, p, CY, /3, y, and K whose boundary is denoted by W. The deformation of a micropolar elastic solid can be characterized by a displacement field of the form
T and a microrotation field of the form (a(x) = (cpi(x), cpz(x), (ps(~))~ where x = (~1, z~,Q) is a generic point in lR3 and a superscript T indicates matrix transposition. We consider an isotropic, homogeneous, cylindrical micropolar beam bounded by plane ends perpendicular to the generators. A typical cross-section S is assumed to be a simply connected region bounded by a closed C2-curve dS with outward unit normal n = (nr, nz). Taking 
such that
Here, L(ax) is the (3 x 3)-matrix partial-differential operator corresponding to the governing equations of torsion of a micropolar beam [3] , 'U x1,x2) ( = ((Pl(xl,x2),(P2(x1,22),~3(21,22))T, T(dx) is the boundary stress operator [3] and f = (yni, ynr, . . . , p(xznr -xinz))'. In [8] , the boundary integral equation method is used to prove existence and uniqueness results in the appropriate function spaces for the boundary value problems (1) and (2). As part of this analysis, it is shown that the solutions of (1) and (2) can be expressed in the form of an integral potential.
GENERALIZED FOURIER SERIES
Let as, be a simple closed Liapunov curve such that aS lies strictly inside the domain S, enclosed by as,, and let {&) E a&, Ic = 1,2,. . . } be a countable set of points densely distributed on a&. We set S; = R"\S* and denote by Dci) the columns of the fundamental matrix D [8] and by Fci) the columns of matrix F which form the basis of the set of rigid displacements and microrotations associated with (1) and (2) 
EXAMPLE: TORSION OF AN ELLIPTIC BEAM
First, to verify the numerical method, it is a relatively simple matter to show that for the problem of a circular micropolar beam, the numerical scheme produces results which converge rapidly to the exact solution established in [2] (that the cross-section does not warp, i.e., that the material microstructure is insignificant in the torsion of a circular micropolar bar). Of more interest however is the case of an elliptical micropolar bar [5] which, to the authors' knowledge, remains absent from the literature.
As an example, consider the torsion of a micropolar beam of elliptical cross-section in which the elastic constants take the following values: cx = 3, p = 6, y = 2, /c = 1, p = 1. The domain S is bounded by the ellipse 21 = cost, x2 = 1.5 sint.
As an auxiliary contour X?, we take a confocal ellipse xi = l.lcost,.
. ,x2 = 1.6sint.
Using the Gauss quadrature formula with 16 ordinates to evaluate the integrals over dS and following the computational procedure discussed in [6, 9] , the approximate solution (5) Table 1 , we also considered several other points lying within the boundaries of the ellipse and arrived at a similar conclusion.) In contrast to the case of a circular micropolar beam for which the cross-section remains flat [2] (as in the classical case [5] ), th ere is a significant difference in the torsional function for an elliptic beam made of micropolar material when compared to the same beam in which the microstructure is ignored (i.e., the classical case [5] ).
This method used here is easily extended, with only minor changes in detail, to the analysis of torsion of micropolar beams of any (smooth) cross-section where we again expect a significant contribution from the material microstructure.
